To determine the frequency of anti-NMDA receptor encephalitis without detectable serum NMDAR antibodies and to compare the clinical features of these patients with those with NMDAR antibodies in serum and CSF.
Early recognition of anti-NMDA receptor encephalitis can be challenging because the initial symptoms may resemble viral encephalitis or a primary psychiatric disorder. 1 Although the need to test the CSF for NMDAR antibodies has been emphasized in previous reports and several guidelines, NMDAR antibodies are often determined only in the serum. 2, 3 A previous study showed that serum NMDAR antibody testing was negative in 14% of the patients with anti-NMDAR encephalitis who had NMDAR antibodies in the CSF, but the associated symptoms and potential prognostic implications were not investigated. 4 Here, we first determined the frequency of seronegative anti-NMDAR encephalitis, and we then assessed whether the clinical features and outcomes of these patients were different from those with NMDAR antibodies in the serum and CSF.
Methods

Patients
We retrospectively assessed from our database in Hospital Clínic-Institut d'Investigacions Biomèdiques August Pi I Sunyer (IDIBAPS), Barcelona, cases of patients with anti-NMDAR encephalitis studied between January 2007 and December 2017, who had (1) clinical features of anti-NMDAR encephalitis and positive NMDAR antibodies in the CSF, 2 (2) paired serum-CSF samples obtained before the onset of immunotherapy, and (3) available clinical information. Clinical information was obtained at different time points during the course of the disease using written questionnaires as reported. 1 NMDAR antibody determination NMDAR antibodies were detected using 3 different techniques: (1) immunohistochemistry on frozen sections of rat brain postfixed with paraformaldehyde (serum dilution 1/ 200), (2) in-house cell-based assay (CBA) with fixed HEK293 cells transfected with NMDAR GluN1/N2B subunits (serum dilution 1/40), and (3) commercial CBA with fixed HEK293 cells (serum dilution 1/10) following the manufacturers' instructions (Euroimmun, Lübeck, Germany). Details of each technique have been reported in the indicated studies. [4] [5] [6] All samples were initially tested with brain immunohistochemistry and in-house CBA by investigators blinded to the results of each technique. Those that were NMDAR antibody negative by immunohistochemistry and in-house CBA were additionally evaluated by a commercial CBA. A serum was considered negative for NMDAR antibodies if it was found negative with all 3 techniques.
Statistical analysis
Demographic information and clinical and immunologic features comparing seronegative and seropositive patients were analyzed with Fisher exact test, χ 2 test, or Mann-Whitney U test when appropriate. Outcome analysis at the last follow-up was assessed with the modified Rankin Scale (mRS) by an investigator blinded to the result of the serologic studies. Patients were considered to have a good outcome if the mRS score at the last follow-up was 0-2 and a poor outcome if the mRS score was higher than 2. Variables associated with seronegativity on univariate analysis (p-value < 0.05) were included in a multivariate binary logistic regression model and approached by a forward stepwise procedure; variables were considered independent when they remained statistically significant. Odds ratio with 95% confidence interval was used to measure the effect of independent variables. Stata version 13.1 statistical software (StataCorp LP, TX) was used for the analyses.
Standard protocol approvals, registrations, and patient consents
Patients' serum and CSF samples are deposited in the collection of biological samples named "Neuroinmunología" registered in the Biobank of IDIBAPS. The Ethics Committee of the Hospital Clínic approved the study. All patients or proxies gave written informed consent for the storage and use of serum, CSF, and clinical information for research purposes.
Data availability
All data are reported within the article and available anonymized by request from qualified investigators.
Results
Seventy-five (15.3%) of 489 patients with well-defined anti-NMDAR encephalitis did not have antibodies in the serum (only had antibodies in the CSF), and the other 414 (84.7%) had antibodies in both serum and CSF (seropositive). Among these 414 cases, 340 (82%) had antibodies in the serum using brain immunohistochemistry and in-house CBA, 57 (14%) with only 1 of these 2 techniques, and 17 (4%) were negative with both techniques but positive with the commercial CBA. A summary of the clinical characteristics of both cohorts is shown in Glossary AChR = acetylcholine receptor; CBA = cell-based assay; CI = confidence interval; ICU = intensive care unit; IDIBAPS = d'Investigacions Biomèdiques August Pi I Sunyer; mRS = modified Rankin Scale; OR = odds ratio.
Intensive care unit (ICU) admission was also less frequently required in the seronegative cohort: 27 (43%) vs 283 (69%); p < 0.001(table). In multivariate analysis, older age at diagnosis (OR: 1.35 [per decade]; 95% CI: 1.10-1.67), absence of tumor (OR: 0.14; 95% CI: 0.05-0.43), and less need for ICU admission (OR: 0.35; 95% CI: 0.18-0.69) were independent variables associated with the absence of NMDAR antibodies.
Discussion
We retrospectively identified that 15% of the patients with anti-NMDAR encephalitis did not have antibodies in the serum, only had antibodies in the CSF, and that these patients were less likely to be women, have an underlying tumor, and develop seizures, movement disorders, central hypoventilation, or admission to ICU.
In a routine clinical diagnosis, the frequency of seronegative cases may even increase because samples are usually tested by a single technique without the expertise of a reference laboratory. There are 2 possible explanations for the apparent absence of NMDAR antibodies in the serum. The first is that the titer of NMDAR-abs is below the threshold of detection using the indicated techniques. 4 There is precedence for this in a subset of patients with myasthenia gravis who did not have detectable acetylcholine receptor (AChR) antibodies by routine commercial radioimmunoassays, but the antibodies could be detected by a CBA that expressed AChRs clustered by rapsyn. 7 Alternatively, seronegative patients, or a subset of them, may have NMDAR antibodies only in the CSF after systemically activated T and B cells cross the blood-brain barrier and orchestrate the synthesis of NMDAR antibodies in the brain, reflected by an almost constant presence of intrathecal NMDAR antibody synthesis and plasma cells in perivascular, interstitial, and Virchow-Robin spaces. 8, 9 These patients could potentially have transient low levels of antibodies in the serum, which become rapidly negative or below the threshold of detection. Against the later possibility is the presence, although with a lower frequency compared with seropositive patients, of a systemic NMDAR-expressing tumor, such as a teratoma (usually infiltrated by lymphocytes that can synthesize NMDAR antibodies) in 6% of the seronegative patients, and the observation in previous studies that the presence of a teratoma associates with higher titers of serum NMDAR antibodies. 4 We postulate that seronegative patients have a less robust immune response in the CNS, probably reflecting the more benign clinical features of the disease. A similar observation was made in patients with apparently seronegative myasthenia gravis (antibodies detected by CBA with clustered AChR) who also had milder symptoms compared with overly seropositive patients. 10 A task for the future is to determine whether seronegative patients have lower titers of CSF antibodies compared with seropositive cases.
Our findings increase awareness of a subset of patients with anti-NMDAR encephalitis who are antibody negative in the serum and appear to have a milder form of the disease. Thus, the absence of serum NMDAR antibodies in patients with suspected anti-NMDAR encephalitis does not rule out this diagnosis, and these patients should be tested for CSF antibodies. Because the outcome and frequency of relapses at 12 months were similar to those of seropositive patients, the current findings suggest that until larger and prospective studies become available, the seronegative NMDAR antibody patients with anti-NMDAR encephalitis should be treated similarly as the seropositive ones.
